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Abstract 

Purpose Nowadays, there is one television device for every 
four human beings, making television one of the most 
popular pieces of electrical and electronic equipment in our 
society, with the so-called flat-screen technologies gaining 
more and more market share. For one such technology, the 
plasma display panel (PDP), no complete life cycle 
assessment (LCA) studies have existed thus far, and 
therefore, the question as to their environmental perfor¬ 
mance, especially as compared with LCD technology, is 
still open. This paper describes a detailed LCA study of a 
PDP television, including a first comparison of it with the 
two competing technologies, the cathode ray tube and the 
liquid crystal display technologies. 

Methods An LCA study from cradle to grave—i.e., from 
the extraction of the various resources used in the 
production to the final recycling or disposal activities— 
has been established taking the complete life cycle of one 
PDP television as the functional unit. 

Results Analysis of the complete life cycle of a PDP 
television shows that the distribution stage is of no 
importance. Of the remaining life cycle stages, the impor¬ 
tance of the use phase depends on the actual production mix 
used for the electricity consumed. A fossil-based electricity 
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mix, such as the Union for the Coordination of Transmission 
of Electricity (UCTE)-mix, causes an impact in the use phase 
about two times higher than in the production phase. The 
production phase is dominated by the printed wiring boards 
and their various components—responsible for more than 
three quarters of the impact of this first life stage. Last but not 
least, in the end-of-life (EoL) phase, substantial environ¬ 
mental benefits are possible through a modern recycling 
system. A comparison of the PDP with competing technol¬ 
ogies shows the PDP technology to be the more environ¬ 
mentally friendly one, based on the impact per square-inch of 
screen. All technologies show thereby a similar picture— 
production and use having high impacts, distribution being 
irrelevant, and EoL resulting in an ecological benefit. 
Conclusions Hence, it is advisable to use electronic devices 
such as a PDP television as long as possible, because within 
the manufacturing stage, the production of the electronics is 
by far the most important production part. Some of this high 
environmental impact in electronics can be recovered in an 
up-to-date recycling system. The second most important life 
stage is the use phase, which depends on the production mix 
of the electricity consumed; the more non-renewable sources 
used for its production, the higher the impact of the use phase 
will appear. Hence, electronic devices should be used 
specifically and be turned off when not in use. 

Keywords Cathode ray tube (CRT) television • Ecoinvent 
data 2.01 • Life cycle assessment (LCA) • Liquid crystal 
device (LCD) television • Plasma television device • 

Screen technologies 

1 Background, aim and scope 

Institute for Prospective Technological Studies, Sevilla, SP 
(IPTS) (2003) states that “broadcast services are the most 
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important mode of information delivery in the world today”. 
The device used for the reception of this service—the 
television—is based on various inventions that were discov¬ 
ered in the time from about 1880 to the 1930s (Abramson 
1987). Nowadays, there is one television device for every 
four human beings—with a penetration rate of about 300 
million TV devices in Europe alone (IPTS 2003). That 
makes the television device one of the most popular pieces 
of electrical and electronic equipment in our society. 

Whereas in recent decades, almost all devices were based 
on cathode ray tube (CRT) technology, the last couple of years 
have brought with them a more and more important transition 
from this voluminous technology to flat screen technologies. 
Currently, this market is dominated by two technologies: the 
plasma display panel (PDP) and the liquid crystal display 
(LCD). While the latter one is seen as the dominant 
technology for computer screens and so-called secondary 
television sets (e.g. the television set in the bedroom or bath 
room), the first one is considered the current choice for the 
principal TV device in a household. That is the case, although 
over the last 2 years or so, LCD technology—by making 
possible larger and larger devices—has been taking over 
increasingly larger parts of the market of the principal TV 
device as well. 

The development of PDP technology started in the 
1960s in the United States in the framework of improving 
the screen quality for students at university (Eden 2006). 
In this technology, an AC voltage is applied, generating a 
so-called plasma on the inner side of the PDP cell. This 
plasma then emits a visible light through the front side of 
the screen thanks to the phosphorous coating on the 
backside of the cell (Baudin 2006; Eden 2006). With its 
lifespan of about 60,000 h—but with a loss of 50% of the 
luminosity after the first 30,000 h (according to http:// 
www.plasmareview.fr/)— the technology is nowadays suf¬ 
ficiently reliable for use in a consumer product such as the 
television; for comparison, an LCD screen has a lifespan 
of about 45,000 h, a CRT of only about 15,000 h (Socolof 
et al. 2005). 

However, large LCD screens and different type of 
projection systems are competing more and more with 
PDP technology. The overall global market for television 
devices is estimated to be about 190 million devices sold in 
2008 (IPTS 2003). Of them, only about 6% or 10 million 
devices are PDP devices—a market that is supposed to 
grow to about 25 million devices by 2011 (Matsushita 
2006). In Europe, about 31 Mio television devices (about 
2.5% of them PDP devices) were sold in 2004—a number 
estimated to rise to about 36.5 Mio (with a share for PDP of 
about 15%) in 2010 (Stobbe 2007a). According to IPTS 
(2003), the leading screen manufacturers on the European 
market have indicated the phasing out of CRT displays for 
the European market by 2010—due to inter alia the 


limitations of physical size as well as their low energy 
efficiency. 

From an environmental point of view, according to a US 
study (Socolof et al. 2005) comparing CRT and LCD 
computer monitors using the instrument of life cycle 
assessment (LCA), CRT and LCD technologies each 
showed environmental advantages compared with the other 
depending on the impact category chosen. However, 
concerning the second flat screen technology (i.e. the PDP 
technology), no detailed environmental studies are known, 
apart from an “eco-efficiency” study reporting only on 
global warming and resource consumption data (Aoe 
2003). But the question as to the PDP technology’s overall 
environmental performance, especially as compared with 
LCD technology, has thus far remained open. Therefore, it 
has to be taken into account that television devices or 
information and communication technology (ICT) in 
general have a considerable impact on the environment. 
Directly, this impact is due to the fast growing number of 
devices produced—a production that causes a rather high 
environmental impact, as has been shown in a variety of 
studies in the last couple of years—e.g. for personal 
computers (von Geibler et al. 2003; Eugster et al. 2007; 
Huabo et al. 2009) or for mobile telecommunication 
devices (Schamhorst 2005; Schamhorst et al. 2006)— 
indirectly, ICT applications can have a variety of impacts 
on the life cycle of other products and services—positive as 
well as negative impacts, ranging from, e.g. changes in the 
consumption pattern of our society to supporting tools for 
an integration of sustainability criteria in production chains 
(Hilty 2008; Hilty et al. 2008). Another important aspect is 
the recycling of electronic waste, as this type of waste and 
its treatment currently comprise a rapidly growing problem 
in many parts of the world (Widmer et al. 2005). As various 
studies in recent years have shown, a state-of-the-art 
recycling system allows one to recover a relevant amount 
of “secondary” materials, mainly metals, resulting in an 
environmental benefit for this last life cycle stage (Hischier 
et al. 2005; Eugster et al. 2007). Hence, researchers and 
politicians became very interested in this field (Hilty 2005; 
Widmer et al. 2005). 

2 Methodology 

2.1 Goal and scope 

The goal of a diploma thesis written at Empa towards the 
end of 2006 was to establish a detailed LCA study of a 
plasma television device (Baudin 2006) due to a lack of 
respective studies at the time. Besides this detailed view on 
the environmental impacts of a plasma television device, a 
second goal of the same study was to do an initial 
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comparison of the two competing technologies on the 
market (i.e. CRT and LCD). This paper presents a revised 
and updated version of those thesis results, established in 
the framework of activities concerning the extension of the 
life cycle inventory (LCI) database ecoinvent (ecoinvent 
Centre 2007). 

The scope of the presented study is thus a traditional 
LCA from cradle to grave, i.e. from the extraction of the 
various resources used in the production of such a plasma 
television device to the final dismantling and recycling or 
disposal activities at the end of the life time of such a 
device. An overview of the system examined can be found 
in Fig. 1. The functional unit is defined as “The complete 
life cycle of a 42-inch (=107 cm) PDP television device; 
produced in Asia, used during 8 years, 4 h/day, in Europe 
and recycled in a European state-of-the-art recycling 
system”. Table 1 summarises the key characteristics of the 
PDP device examined and at the same time shows the key 
characteristics for the two competing technologies used in 
the second part of this study for a comparison of these 
different television technologies, based on the same, 
comprehensive system boundaries. 

2.2 Life cycle inventory analysis 

2.2.1 Plasma television device 

As in many other cases, the achievement of adequate 
LCI data in our study turned out to be very difficult, 

Fig. 1 System boundaries for 
the complete life cycle of a 
plasma television device 


actually rather impossible. Due to a complete lack of 
respective information from the companies producing 
this type of television devices, a three-tiered “inverse 
approach”, starting from a plasma television device at 
the end of its life, entering the Swiss WEEE system— 
the so-called SWICO Recycling Guarantee [Swiss 
Economic Association for Information, Communications 
and Organizational Technology (SWICO)]—was chosen 
here. The various components of such a device and 
their respective weights were identified by dismantling 
this plasma television device in a first stage. Where 
necessary, a more detailed identification by chemical 
analysis methods was executed as well. In this way, a 
detailed composition of such a plasma television device 
was established—and its composition is summarised in 
Table 2. In a second stage, information from various 
international patents and from further literature (Snijkers 
and Klein, 2002; Inguchi et al. 2005; Lee 2006; Nishitani 
et al. 2006; Song and Choi, 2006) was taken, in order to 
further detail the composition of this plasma television 
device. This was especially necessary concerning the 
different layers inside the PDP cell. 

Last but not least, in the third and last stage, the 
links from all the components and materials identified 
in this way—as well as the various production process 
stages leading up to the complete PDP device—to LCI 
data within a standard LCI database were established. In 
the origin diploma thesis (Baudin 2006), the database 
ecoinvent data vl.3 was used—a database that did not 
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Table 1 Key characteristics of the study objects—a 42-inch colour plasma television device—and of competing devices based on CRT and 
LCD technology 


Specification 

Plasma television (PDP) 

Range 

Used values 

CRT television 

LCD television 

Screen size [in a ]/format 

32 to 65 (to 102)/l 6:9 

42/16:9 

32/16:9 

32/16:9 

Resolution (pixel x pixel) 

852x480 to 1,024x1,024 

1,024x768 

na 

1,366x768 

Luminosity [cd/m2] 

430 to 1,400 

1,400 

na 

500 

Contrast 

1,000:1 to 10,000:1 

3,000:1 

na 

15,000:1 

Weight [kg] 

29 to 36 

30.2 

48.3 

16.0 

Electricity consumption [W] 

On 

220 to 420 

303 

115 

138 

Stand-by 

0.5 to 3.6 

1.6 

1.8 

1.7 


a 1 in=2.54 cm 
na not applicable 


contain specific data for electronic components. In the 
framework of the extension of the database ecoinvent with 
data for the electronics sector, the calculations of this 
plasma television device were revised and adapted to the 
new possibilities of this most up-to-date and comprehen¬ 
sive international LCI database. In this way, the various 
printed wiring boards (PWB) mentioned in Table 2 were 
modelled with the unspecific, generic PWB datasets from 
ecoinvent. Apart from the PWB, further improvements 
were possible—especially for the different layers inside 
the PDP cell. Table 3 summarises the key characteristics 
and assumptions used in this LCA study here for the 
various components, materials and processing steps of the 
here examined PDP device. 

For the use pattern, the original information used in 
Baudin (2006) was replaced by information about the 
European use pattern reported in the EuP preparatory study 
“televisions” (Stobbe 2007b). Hence, an average watching 
time of 4 h/day was used, assuming off-mode for the 
remaining time 4 weeks (during holidays) and the (passive) 
stand-by mode for the remaining time. No distinction was 
made here between passive and active stand-by; the latter 
one characterised by an energy consumption ten to 20 times 
higher and used for updating, e.g. electronic programme 


systems (programme guide). For the electricity consump¬ 
tion in the use phase, various studies in the last couple of 
years (e.g. DCE 2007; Stobbe 2007c) have shown that there 
is a large spread between energy efficient and less efficient 
devices of the same size within a given technology. 
Comparing the ranges for 42-inch PDP devices shows 
values on the order of less than 225 W to almost 350 W. 
For this study, the value of 303 W, reported in Baudin 
(2006), was used. 

For the total lifespan, the number of 8 years was used 
(value for first use according to Stobbe (2007b)), followed 
by a subsequent treatment in a state-of-the-art WEEE 
recycling system such as, e.g. that established in Switzer¬ 
land (and described, e.g. in Hischier et al. (2005)). Credits 
are given in this study for all amounts of recycled material 
(i.e. metals) as well as the amount of recovered energy from 
the incineration processes. More details concerning the EoL 
processes for the various materials, as well as the benefits 
from these recycling activities can be found in Table 3 
(section 3.2.3). 

An extract—showing some of the most important emission 
factors to water, air as well as resource fractions—of the 
resulting, cumulative life cycle inventory data for the 
complete life cycle of a PDP device is shown in Table 4. 


Table 2 Main components of 
the dismantled plasma television 
device 


Component 

Weight 


Main materials 


[kg] 

[%] 


Housing 

15.73 

48.3 

Metals, plastics, glass 

Internal protection material 

0.07 

0.2 

Silicon, plastics 

Plasma panel 

8.46 

26.0 

Glass with various coatings 

Electronics 

5.62 

17.3 

Printed wiring boards 

Cables 

0.27 

0.8 

Copper, plastics 

Packaging 

2.40 

7.4 

Carton board, EPS 

Total 

32.54 

100 
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Table 3 Values and assumptions for the various process steps in the life cycle of a plasma television device 


Process step Value and remarks 


Production 


Distribution 

Use 


End-of-life 

treatment 


Housing: composition data from Baudin (2006), linked to respective datasets from ecoinvent v2.01 

Insulation protection material: composition data from Baudin (2006), linked to respective datasets from ecoinvent v2.01 

Plasma panel: composition data from Baudin (2006), linked to respective datasets from ecoinvent v2.01 

Electronics: amount and type of printed wiring board according to Baudin (2006); represented then by the unspecified 
surface-mounted or through-hole printed wiring board datasets from ecoinvent v2.01 

Cables: amount and type of cable according to Baudin (2006) linked to respective data from ecoinvent v2.01 

Packaging: composition data from Baudin (2006) linked to the respective data from ecoinvent v2.01 

Assembly: rough estimation of auxiliaries (chemicals, gases) and energy amount based on Matsushita (2006). Included is in 
addition to the transport of all electronic components and the fabricated plasma panel from Asia (Korea, Japan) to the final 
assembly site in Europe (Turkey) by ocean ship, as stipulated in Baudin (2006) 

Assumed is a transport by lorry of 2,500 km—representing the transport from the final assembly site (in Turkey) to Central 
Western Europe, using average data for lorry transport from ecoinvent v2.01 

Assumed is a use—during 8 years, 4 h on per day (more details: see text)—somewhere in Central Western Europe. 
Therefore, the UCTE electricity mix, low voltage level, is used as default in this study here. Only for a sensitivity analysis, 
the Swiss electricity mix, low voltage level, is used. 

An average transport distance (and a mix of transport mean) according to the Swiss recycling system is assumed for the transport 
from the point of collection to the actual recycling plant. Then, the following fractions are distinguished for the disposal in the 
framework of a state-of-the-art WEEE recycling system:-metal parts from housing: 100% recycling, including the secondary 
production of aluminium and steel-plastic parts from housing: 100% incineration-plasma panel: 100% incineration-capacitors: 
100% to specific capacitor disposal process, as established in the WEEE data of ecoinvent v2.01-electronics parts: 100% to a 
precious metal recoveiy process, as established in the WEEE data of ecoinvent v2.01, including the secondary production of 
gold, silver, palladium, nickel, copper and lead-cables: 100% to cable recycling process, as established in the WEEE data of 
ecoinvent v2.01, including the secondary production of copper-packaging materials: EPS 100% to incineration/corrugated 
board 100% recycling, including production of corrugated board paper out of secondary paper 

Credits are given in all cases of secondary production, i.e. a similar amount of primary production of the respective material 
is given as credit. Furthermore, the electricity and heat produced in the incineration process results in a credit of the 
respective amount of electricity (as Swiss electricity mix) or heat (as heat from light fuel oil boiler). 


2.2.2 Other television devices 

Concerning the two competing technologies, i.e. the LCD and 
the CRT technology, the LCI database ecoinvent (ecoinvent 
Centre 2007) contains only respective dataset for computer 
screens using these technologies. Thus, respective datasets for 
television devices of these two technologies were established 
here; for the CRT device, based on information from a recent 
dismantling trial within a Swiss WEEE recycling company 
and for the LCD device, based on information from a 
European Research project (Gaiker 2006), aiming to examine 
the possibilities of re-using LCD screens. CRT technology is 
limited in size for technical reasons, while LCD technology 
can be applied in a much broader range of sizes. 

According to DCE (2007), combining LCD television sets 
of different sizes does not differ much, i.e. all components 
grow in about the same proportions; hence, the data from 
Gaiker (2006) can be used for either size of an LCD 
television device. According to a forecast from DisplaySearch 
(reported in DCE (2007)), the average LCD screen size in 
2009 is in the order of 76 cm (taking into account computer 
screens as well as television devices)—compared with PDP 
devices with an average size of about 114 cm. For this study, 
both competing technologies were modelled for a size of 


32 in (=81 cm). Both devices were modelled in a manner 
similar to that used on the PDP devices described above. 

2.3 Impact assessment methods 

For the impact assessment, the two well-known Dutch 
LCIA methods were used: the Eco-Indicator ’99 (Goedkoop 
and Spriensma, 2000) and the so-called Centrum voor 
Milieuwetenschappen (CML) methodology (Guinee et al. 
2001). For the latter one, the various baseline impact 
categories were used, in order to get a comprehensive and 
detailed overview of the environmental impacts related to 
the examined television technology. In case of the Eco- 
Indicator ’99—used in this study in order to get a first 
indication of the overall environmental impact—the default 
way for grouping the three damage categories was used. 

3 Results 

3.1 The overall life cycle of a plasma television device 

Examination of the environmental impacts along the 
complete life cycle of the plasma television device specified 
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Table 4 Extract of important emission and resource factors out of the cumulative life cycle inventory results for the life cycle of a plasma 
television device 




Total 

Production 

Distribution 

Use 

End-of-life treatment 

Efforts Benefits 

Resource consumption 

Aluminium, in ground 

kg 

-3.93E-001 

9.77E+000 

1.62E-002 

2.56E-001 

7.57E-003 

-1.04E+001 

Calcite, in ground 

kg 

1.09E+002 

8.39E+001 

4.56E-001 

2.75E+001 

3.83E+000 

-6.37E+000 

Coal, brown, in ground 

kg 

8.72E+002 

1.13E+002 

4.86E-001 

7.74E+002 

1.39E+000 

-1.67E+001 

Coal, hard, in ground 

kg 

4.96E+002 

8.75E+001 

7.50E-001 

4.30E+002 

1.68E+000 

-2.42E+001 

Copper, in ground 

kg 

1.73E+000 

1.47E+000 

3.84E-003 

1.65E+000 

3.38E-002 

-1.43E+000 

Gas, natural, in ground 

Nm3 

2.46E+002 

5.68E+001 

6.56E-001 

1.95E+002 

3.36E+000 

-9.81E+000 

Gravel, in ground 

kg 

2.13E+002 

1.56E+002 

1.40E+001 

5.93E+001 

7.25E+000 

-2.35E+001 

Iron, in ground 

kg 

1.80E+001 

1.24E+001 

5.58E-001 

8.46E+000 

3.13E-001 

-3.75E+000 

Oil, crude, in ground 

kg 

1.32E+002 

8.15E+001 

5.30E+000 

5.94E+001 

1.02E+000 

-1.52E+001 

Energy, potential, converted 

MJ 

2.21E+003 

5.89E+002 

5.26E+000 

1.94E+003 

1.29E+001 

-3.39E+002 

(in hydropower reservoir) 

Emission to air 

Carbon dioxide, fossil 

kg 

2.60E+003 

6.37E+002 

1.78E+001 

2.04E+003 

3.31E+001 

-1.25E+002 

Sulphur dioxide 

kg 

6.31E-001 

2.40E+000 

2.45E-002 

7.10E+000 

4.37E-002 

-8.93E+000 

Nitrogen oxides 

kg 

5.29E+000 

1.95E+000 

9.33E-002 

3.59E+000 

3.99E-002 

-3.84E-001 

Methane, fossil 

kg 

4.49E+000 

1.12E+000 

2.38E-002 

3.54E+000 

3.03E-002 

-2.21E-001 

PAH, polycyclic aromatic 

kg 

1.05E-004 

7.81E-004 

2.16E-006 

1.23E-004 

2.77E-006 

-8.03E-004 

hydrocarbons 

Emission to water 

COD, chemical oxygen demand 

kg 

9.91E+000 

9.19E+000 

5.36E-002 

9.38E-001 

1.77E-001 

-4.55E-001 

Chloride 

kg 

1.65E+001 

8.95E+000 

2.37E-001 

8.05E+000 

1.66E-001 

-8.99E-001 

Sulphate 

kg 

1.62E+001 

4.97E+000 

1.25E-002 

1.19E+001 

6.84E-002 

-7.22E-001 

Ammonium, ion 

kg 

1.43E-002 

1.01E-002 

4.17E-005 

4.62E-003 

3.24E-005 

-4.63E-004 

Nickel, ion 

kg 

1.15E-002 

9.23E-003 

8.74E-005 

8.26E-003 

5.95E-003 

-1.20E-002 

Cobalt, ion 

kg 

2.84E-003 

1.85E-003 

1.35E-005 

3.28E-003 

7.04E-004 

-3.01E-003 

Vanadium, ion 

kg 

1.05E-002 

8.90E-003 

3.31E-005 

6.67E-003 

2.62E-004 

-5.39E-003 


here—partly documented in Table 4 —yielded the environ¬ 
mental impacts shown in Fig. 2. These results are shown on 
a relative scale, taking the impact of the use phase 
(calculated with the UCTE electricity mix) as 100%. As 
can be seen from Fig. 2, all CML factors—and also the 
total value of the Eco-Indicator ’99—show a similar 
picture, i.e. the distribution is of no importance, the EoL 
phase leads to a more or less important environmental 
benefit, while the remaining two phases (production, use) 
show rather important environmental impacts. In the 
details, however, there are rather large differences among 
the various impact factors—i.e. production comprises 15% 
(terrestrial ecotoxicity) to more than 130% (human toxicity) 
as compared with the use phase. And the environmental 
benefits due to the EoL phase varies between about 5% 
(resource depletion) and more than 100% (acidification, 
photochemical oxidation) of benefits compared with the 
respective impact of the use phase. A more detailed 
analysis and the origins of these values can be found in 
Chapter 3.2 describing the various life cycle phases. 


From the four distinguished life cycle stages, the 
importance of the use phase depends on the actual 
production mix used for the electricity consumed. As 
shown in Fig. 3 for the Eco-Indicator ’99 result, a change 
to a more renewable electricity mix such as, e.g. that used 
in Switzerland, results in an impact for the use phase that is 
about three times lower, i.e. only about half compared with 
the production phase. Using the various impact categories 
from the CML methodology yields a reduction for the use 
phase between 15% (terrestrial ecotoxicity) and 85% 
(acidification), i.e. the use phase being three times higher 
than the use phase for the factor of acidification. 

3.2 Details of the various life cycle phases 

3.2.1 Production 

For the production phase, a comparison between the 
various parts and production steps of such a PDP television 
device is shown in Fig. 4. It can be clearly seen that the 
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Fig. 2 The complete life cycle 
of a plasma television device 
(relative to the impact of the use 
phase—calculated with the 
UCTE electricity mix). Shown 
are the following impact factors 
from the CML method: ARD 
abiotic resource depletion, GWP 
global warming potential, ODP 
stratospheric ozone depletion 
potential, PCOP photochemical 
oxidation potential, AP acidifi¬ 
cation potential, EP eutrophica¬ 
tion potential, HTP human 
toxicity potential, FAETP fresh¬ 
water aquatic ecotoxicity 
potential, MAETP marine 
aquatic ecotoxicity potential, 
TETP terrestrial ecotoxicity 
potential as well as the total 
of the Eco-Indicator '99 method 
(EI'99) 


EH Production □ Distribution H Use □ End-of-Life treatment 

ARD GWP PCOP ODP AP EP 


120% 

80% 

40% 

0% 

-40% 

120% 

80% 

40% 

0% 

-40% 



main impact is due to the PWB—within the total of the 
Eco-Indicator '99 the PWB are responsible for almost 75% 
of the impact of the production phase; the next highest 
impact is due to the housing that is responsible for about 
15%, followed by the various assembly activities (5%) and 
the actual PDP unit (3%). Within the factors of the CML 
methodology examined, the two most important parts are 
again always the various PWB, having an impact ranging 
from 44% (human toxicity) up to 86% (photochemical 
oxidation) and the housing with an impact between 7% 
(photochemical oxidation) and 53% (human toxicity). In case 
of PWB, the high impacts in case of photochemical oxidation 
are due to the sulphur dioxide (S0 2 ) emissions to air in the 
production of palladium as well as the air emissions of ethyl 
acetate and methyl ethyl ketone in the production process of 
the various electronic components (i.e. capacitors, inductors, 
etc.) For acidification and eutrophication—also both largely 
dominated by the PWB—this is due to the S0 2 emissions to 
air in the production of palladium (acidification) or due to 
the nitrogen oxides to air and the COD emissions from the 
disposal processes in the wafer production (eutrophication). 
The high impact of the housing in case of human toxicity is 
due to the aluminium parts of the housing and there actually 
due to polycyclic aromatic hydrocarbons (PAH) emissions to 
air, which are responsible for more than 90% of this impact. 
Also, in case of the aquatic ecotoxicity factors [freshwater 
aquatic ecotoxicity potential (FAETP); marine aquatic 
ecotoxicity potential (MAETP)], these aluminium parts are 
responsible for more than 80% of the impact coming from 


the housing. In both cases, vanadium ion emissions to water 
due to the treatment of waste from the bauxite digestion are 
responsible for 76% (MAETP) to 94% (FAETP) of this 
impact. Only in case of resource depletion does the actual 
PDP unit have an impact of more than 20% of the total 
impact due to the xenon gas in the filling, responsible for 
about 90% of this impact; in all other aspects, the PDP unit is 
of minor interest. The impact due to the assembly activities is 
of minor interest and varies between only about 1% (human 
toxicity) and about 8% (climate change). 



Production Distribution Use End-of-Life 

treatment 

Fig. 3 Influence of a change in the electricity mix during the use 
phase on the complete life cycle of a plasma television device, 
expressed as the total of the Eco-Indicator '99 
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■ insulation □ housing §3 cable □ PDP unit fS electronics E3 assembly of PDP device ■ packaging 
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Fig. 4 The production phase of a plasma television device, expressed with CML and Eco-Indicator '99 method (for abbreviations of shown 
impact factors, see legend of Fig. 2) 



3.2.2 Use 

The environmental impact of the use phase is only due to the 
use of electricity (here, the UCTE electricity mix), i.e. the 
contributions to the impact due to the use phase are equal to 
those of the respective electricity mix. This impact can be 
changed considerably by changing the electricity mix, as 
shown in Fig. 3 for the case of the Swiss electricity mix. 

3.2.3 End-of-life treatment 

The EoL phase finally, as shown in Fig. 2, does not cause 
an impact but can have an environmental benefit if state-of- 
the-art recycling technologies are assumed. In Fig. 5, the 


various impacts or benefits from the EoF phase are shown 
in detail. It can be seen that only three processes contribute 
to the benefits—the recycling of metal parts (of the 
housing), the recycling of PWB and the energy recovery 
from, e.g. incineration processes). However, the latter one is 
of minor importance, as its value never contributes more 
than 10% to the overall benefits—all other benefits are due 
to the burdens avoided during the production of primary 
metals, either due to the recycling of the metallic parts of 
the housing or due to the recovery of the precious metal 
content in the PWB. On the other hand, i.e. the impacts due 
to EoF processes, the only process with a relevant impact is 
the incineration of the plastic parts. However, these impacts 
are never higher than 35% compared with the benefits. 
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Fig. 5 The end-of-life phase of a plasma television device—environmental benefits due to a state-of-the-art recycling, expressed with CML and 
Eco-Indicator '99 method (for abbreviations of shown impact factors, see legend of Fig. 2) 
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Going back to Fig. 2, we see that the impact categories 
photochemical oxidation, acidification and human toxicity 
show a clearly higher benefit—ranging from 60 to 105% in 
relation to the impact of the use phase—from the EoL 
processes than all other impact categories. These high 
values are due to the avoided primary production of 
aluminium (and its PAH emissions to air) in case of human 
toxicity or due to the avoided primary production of 
palladium (and its high S0 2 emissions to air) in case of 
photochemical oxidation and acidification. 

3.3 Comparison with competing technologies (LCD, CRT) 

Due to the different sizes of the devices examined, 
reflecting the limits and market conditions of the various 
technologies for 2009, a comparison based on the numbers 
of these devices in use would not really be accurate. 
Therefore, a relative comparison was established instead for 
a more adequate comparison of the three technologies, as 
according to DCE (2007), all three technologies have an 
electricity consumption in the use phase that is directly 
proportional to the surface of the screen. Hence, a 
comparison per square metre of surface can be established. 
The results are shown in Fig. 6. 


As can be seen from Fig. 6, LCD technology almost 
always shows the highest environmental impact, or it shows 
an impact close to the highest impact. PDP technology, on 
the other hand, shows the lowest impact in the case of 
stratospheric ozone depletion, photochemical oxidation, 
acidification, eutrophication, human toxicity and freshwater 
ecotoxicity; for resource depletion, global warming and 
marine ecotoxicity, the CRT and the PDP technology have a 
rather similar impact. While the differences in the use phase 
are rather small—the production of the three different 
television devices shows rather large differences. Especial¬ 
ly, the impact categories of human toxicity and freshwater 
ecotoxicity show an impact for the production of the LCD 
or CRT devices two and more times higher than PDP 
television. In the case of the CRT screen, this high impact is 
due to the nickel, cobalt and vanadium emissions to water 
(in the case of freshwater ecotoxicity) or due to chrome 
(VI), arsenic and PAH emissions to air (for human toxicity), 
originating from the PWB and the chrome steel used in a 
CRT device—in the LCD case, the LCD module itself is 
responsible for the main part of this impact due to the same 
types of emissions as in the CRT case, originating mainly 
from the assembly process of the LCA module itself, as 
well as from the used amount of chrome steel and the PWB 


Fig. 6 Comparison of PDP, 
LCD and CRT technology. 
Shown are relative values per 
square inch (i.e. per 6.45 cm ), 
with the value of the LCD 
screen being set as 100%, 
expressed with CML and Eco- 
Indicator '99 method (for abbre¬ 
viations of shown impact 
factors, see legend of Fig. 2). In 
the right lower corner , absolute 
values for the Eco-Indicator '99 
method are shown—again with 
the value of the LCD screen 
being set as 100% 
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used. In case of global warming, eutrophication and marine 
ecotoxicity, the LCD module shows an impact in the 
production phase several times higher than the two other 
technologies. A more detailed analysis shows that the high 
impact in global warming is due to the emissions of C0 2 
and SF 6 to air in the assembly stage, in the case of 
eutrophication again the assembly stage, this time with its 
emissions of HF to air or vanadium and nickel to water, is 
responsible for this high impact and the marine ecotoxicity 
is dominated by nitrate, ammonium and COD values to 
water, resulting from the waste water treatment in the 
assembly stage. On a more general level, however, all three 
technologies nevertheless show a similar picture—produc¬ 
tion and use having high impacts, distribution being 
irrelevant and EoL resulting mostly in an ecological 
benefit. 

3.4 Comparison with other studies 

As mentioned in Section 1, there is only one known study 
dealing with the environmental impacts of these three 
television technologies, Aoe (2003), reporting however 
only on global warming and resource consumption data. 
According to the paper, the shown data represent 32-inch 
television devices that were used for 8 years; thus the data 
can be rather easily compared with the data from this study, 
at least for the factor of global warming (while the factors 
for resource consumption in the CML methodology and in 
Aoe (2003) are not calculated in the same way). According 
to the data from ecoinvent, the global warming of the 
Japanese electricity mix has a difference below 2% in 
comparison with the one from the UCTE mix. Thus, the 
calculations from this study should be comparable to the 
numbers in Aoe (2003). On the basis of a square metre of 
surface (again in order to correct the differences in sizes), 
the numbers from Aoe (2003) show for the PDP television 
a rather good accordance with differences of less than 5% 
(for the total life cycle) or around 8.5% (only the use 
phase). However, for the two other technologies—the 
differences are much higher, although both studies look 
for them on the same size of devices. While in case of CRT 
technology, taking the total life cycle leads to a difference 
of more than 50%, LCD technology shows a difference of 
almost 140%. Looking at the use phase only shows a 
difference around 6% (CRT) to 35% (LCD). A possible 
explanation for these huge differences especially 
concerning the production of the devices can be found in 
a more detailed modelling within this study, based on the 
new, detailed electronics datasets from ecoinvent. For the 
use phase, the number used for the power consumption of 
each type of devices is very important, but, at the same 
time, this number can vary very much, as shown in Table 1 
for PDP technology. While for PDP technology, both 


studies use rather similar values for the power consumption 
of the device, Aoe (2003) seem to use very different 
numbers for the electricity consumption in the use phase for 
the two competing technologies, especially for the LCD 
television device; however, no such information on that is 
given in the mentioned paper. 

4 Conclusions and outlook 

This study emphasises that it is advisable to use electronic 
devices as long as possible due to the high impact of the 
production phase, especially when the technical lifetime is 
far beyond the current use of such devices, as in case of the 
two flat screen technologies (i.e. LCD and PDP) examined 
here. From the results shown for the production phase, it 
can be deduced that the impact of electronic components is 
much higher than the impact of other, even metallic 
materials. But, as is also shown here, one part of this high 
environmental impact in the electronic components can be 
recovered by an up-to-date recycling system with a 
maximum recovery of metals, especially precious ones. 

Another important life stage is the use phase, i.e. that life 
stage that depends on the production mix of the electricity 
consumed. As shown here, a switch from a predominantly 
non-renewable electricity mix (as the UCTE mix) to a much 
more renewable mix (here the Swiss electricity mix is used 
as an example) can reduce the overall impact of the use 
phase considerably. But, independently of the actual 
electricity mix, it can be concluded that an electronic 
component such as a television should only be turned on 
when it is really used—otherwise the device should be 
turned off completely including its stand-by. 

In the comparison of the three screen technologies, the 
PDP devices show the least impact on the environment in 
relation to their screen surface. In absolute numbers, it is 
the power consumption in the use phase, in particular, that 
is the highest; however, the PDP screen is usually also 
bigger than a CRT or an LCD screen. In addition, the 
comparison of the three technologies shows that the 
production of the LCD screen has a clearly higher impact 
on the environment than the PDP. However, it has to be 
taken into account that, for this study, average devices of 
each of the technologies were taken into account, especially 
concerning the electricity consumption in the use phase. 
Here, further studies should take over and investigate the 
variability in the electricity consumption in the use phase 
depending on the technology used—and the respective 
consequences from this on the relative comparison of the 
three screen technologies established here (related to the 
screen surface). In addition, new flat technologies are about 
to enter the market—hence, further studies have to widen 
the field of the technologies taken into account in order to 
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allow our society to use its communication medium no. 1 in 
the most sustainable way possible. 
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